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gap of 3.1eV. The uppermost valence band of CuI (15, 2 and 12, 1) are derived from 3d states of Cu and 5p states of iodine. 
The energy difference between 15, 2 and 12, 1valleys at  point in the Brillouin zone was 3.1eV which define its direct 
fundamental bandgap [1]. CuI has attracted much interest because of its unique features such as larger band gaps, a negative 
spin orbit splitting [2], an unusually large temperature dependency, electrosensivity [3], an anomalous diamagnetism 
behavior, new high pressure phases [4], and photosensivity [5]. The - CuI has potential application in light emitting diode 
due to large exciton binding energy (62 meV) which will caused a high intensity of violet emission [6]. Besides that, another 
possible applications of CuI are field emission display, organic catalyst, solid state dye sensitized solar cell as a hole 
conductor and etc [7-9]. Several techniques have been reportes by the literature  for the preparation of -nanostructured CuI 
films such as by simple complex compund method [10], ethanol thermal method [11], pulse laser deposition [1] and etc.  
In this paper, we highlighted a new approach for depositing CuI (inorganic compound) thin films using the spraying 
technique with a system called as mister atomizer. Spraying technique is a simple and inexpensive, however able to give 
high production rates. The iodide material had not yet been explored extensively and most commonly used precursors for 
spraying technique for an inorganic compound are nitrate, carbonate, sulfate and chloride [12]. In spraying technique, the 
intended product may be achieved by optimizing the solution properties such as the precursor concentration, doping 
composition or variation of solvent used. Here, the iodine doping concentration was varied to observe its effect on the opto-
electrical properties. The surface morphology, electrical and optical properties of the CuI thin films deposited by mister 
atomizer at different iodine doping concentration was discussed. 
2. Experimental procedure 
2.1. Sample preparation 
Glass substrates of 2.5cm x 2.5 cm were used for the CuI deposition. The cleaning process of glass substrates was done by 
using acetone, methanol and deionized water in the ultrasonic cleaner stage by stage at 10 minutes each. The deposition of 
CuI films were taken at room temperature by atomization technique. Spraying technique which carried by our own 
experimental setup called as mister atomizer was used for the deposition of CuI thin films. Mist-atomisation is a process 
similarly known as spray pyrolysis. The process involves spraying precursor solution onto heated surface and the 
constituents react to form the intended products [13]. The mister atomizer utilizes the concept of pressure atomization which 
its generation mechanism is using shear force by expansion of pressurized liquid [12]. Principally, the droplets of liquid are 
produced applying inertial force on liquid stream. The solution molarity was fixed at 0.05M CuI solution by mixing 
precursor Copper (I) Iodide powder (ALDRICH, 98%) with acetonitrile as a solvent. All chemicals were used without any 
further purification. The iodine which act as dopant were varied at 1 at%, 2 at%, 3 at%, 4 at% and 5 at%.  The atomic 
percent (at%) concentration were calculated as shown in equation (1): 
  
 
 
Where a is the molar concentration of dopant and 0.05 is the molar concentration of CuI. 
 
The undoped and doped CuI solutions were stirred for 3 hours at room ambient condition. Before the deposition, the 
substrates were preheated at 50 C in the furnace before the deposition process. This solution was then sprayed in fine 
droplets using argon as a carrier gas. The solution volume was 50 ml for all samples. Then the films were heated for about 5 
min in the furnace after completed the deposition process to evaporate the solvent. In order to get uniform thin films, the 
flow rate, solution molarity, height between substrate and nozzle were kept constant during the deposition.  
 
2.2 Characterization technique 
 
The characterization carried in this experiment is the surface morphology, electrical and optical properties. The thickness of 
the thin films has been characterized by using surface profiler (VEECO DEKTAK 150). The surface morphology of these 
CuI films was observed by field emission scanning electron microscope (JEOL JSM- J600F). The current-voltage 
measurement of CuI thin films in dark condition and under illumination were measured by solar simulator (CEP 2000). 
Gold was used as metal contacts for I-V measurement and deposited using sputter coater (EMITECH K550X). The optical 
transmittance for undoped and iodine doped CuI thin films were characterized by JASCO UV-VIS-NIR spectrophotometer. 
The uncoated glass slide was used as the reference sample. The wavelength for the optical measurement was measured at 
wavelengths between 300 nm- 800 nm. All of the measurements were done in room ambient.  
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3. Results and discussion 
3.1. Surface morphology 
The result of CuI films thickness for undoped and doped is graphically represented in Fig. 1. It was found that the CuI films 
thickness decreased with increasing iodine concentration. The highest thickness was obtained for undoped film of about 553 
nm.  Figure 2(a) – 2 (f) shows the FESEM images of CuI films at different doping concentration. The FESEM images reveal 
all the films are uniformly deposited with nanoparticle CuI. It is observed that there is not much difference in terms of 
particle size for all the prepared samples. However, the roughnesses of the samples were slightly different especially at 
higher doping concentration. The 5 at% iodine doping concentration shows the roughest surface with agglomerated CuI 
particle was clearly seen compared to others.  It can be seen that roughness of the thin films increases with increasing I2 
concentration.  This phenomenon may be attributed to the increase of surface undulation of the thin films as I2 concentration 
increases [14]. Besides roughness, the thin films deposited at 3 at% and 5 at% shows a crack formation on the thin films. 
Higher crack was seen for thin film deposited at 3at% of iodine concentration. The crack morphology certainly affects the 
resistivity value and will be discussed detailed in the electrical properties part.  
 
  
0 1 2 3 4 5 6
200
300
400
500
600
Th
ic
kn
es
s 
(n
m
)
Doping Concentration (at%)
 
 
Fig. 1. Thickness of CuI films at different iodine doping concentration 
 
 
3.2 Electrical properties 
The electrical properties of semiconductor materials are highly affected by the doping process. Fig. 3 shows the plot of 
resistivity for undoped and iodine doped CuI films at 1 at% to 5 at%. The I-V measurements were done with two different 
measurements ambient which are in dark and illumination condition. The illumination was carried out by using white light 
bias of 100 mW/cm2. The CuI thin films show almost no photo response since no different was seen when compared with 
measurement carried in dark condition. The small electron carrier in the p-type CuI compared to holes carrier leads to less 
photo response properties as shown in the Fig. 3. The photo response characteristic is very important for the n-type 
semiconductor especially for the application of solar cells. For both measurement conditions, a parabolic behavior with an 
optimum peak is observed. It can be clearly seen that, the resistivity increased from 4.75  cm for undoped thin films to an 
optimum peak of 1.03 x 103  cm for films prepared with at 3 at% doping concentration.  
 
This shows that the resistivity reaches a maximum peak at 3 at% I2 doping. The p-type conductivity of CuI depends on the 
excess of iodine in the stoichiometric excess. Therefore, iodine doping can be either increased or decreased the resistivity 
which corresponds to the position of surface traps induced by iodine in the band position of CuI. Presumably, the resistivity 
increases as the I2 ions increases is due to the interstitial I2 atoms in the lattice that act as a charge trapping of electrons. The 
surface traps in the lattice which created by excess of iodine not just encourage the recombination process to occur but at the 
same time reducing the carrier mobility. Perera et. al reported that the surface trapping sites is 0.2 eV above the valence 
band of CuI [9]. The 3 at% shows the highest resistivity which caused by the crack formation on the thin film as shown in 
Fig. 2. The crack films will increase the scattering of carrier and thus exhibit less electron movement.  The reduction of 
resistivity for 4 at% and 5 at% may be due to the reduce grain boundaries which lead to better carrier mobility at higher 
doping concentration condition.   
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Fig. 2. FESEM images of CuI thin films for (a) undoped, (b) 1 at%, (c) 2 at%, (d) 3 at%, (e) 4 at%, (f) 5 at% 
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Fig. 3. Resistivity of CuI films at different iodine doping concentration in dark and under illumination condition 
 
 
3.3 Optical properties 
 
The optical transmission spectra of CuI thin films prepared on glass substrate at different doping concentrations are shown 
in Fig. 4 (a) and (b).  The two graphs were plotted for transmittance spectra in this research paper are because to emphasize 
the graphs so that it can be clearly seen. All films exhibit high transparency in the visible range between 400– 800 nm of the 
optical spectrum. The observed hump at 410 nm may be due to excitation of electrons from sub bands in the valence band to 
the conduction band [1].  The decrease of transmittance up to 3at % may be attributed to the increased scattering of photons 
by crystal defects created by doping [15]. This is proved by the electrical properties as shown in Fig. 3 where the resistivity 
increased up until 3 at% of doping concentration. The transmittance increased after 4 at% of I2 doping which parallel to the 
resistivity value.  
(a)  (b) (c)
(f)(e)(d) 
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Fig. 4. Transmittance spectra of CuI films at (a) 1 at%, 2 at % and 3 at% (b) undoped, 4 at% and 5 at% 
The transmittance analysis in the locality of the fundamental absorption edge shows the variation of absorption coefficient, 
 with photon energy (hv) is in accordance to the following relation which implies direct band transition as shown in Eqn 
[1]: 
                                                                                                                                                         (1) 
where   is the absorption coefficient, A is a constant, hv is the photon energy, Eg is the bandgap.  
 
The band-gap energy Eg of doped CuI thin films for different doping concentration was summarized in Table 1. It 
shows that the band gap widens with increasing I2 doping concentration up to 3 at%. The direct band gaps of CuI film 
prepared by mister atomizer increased between 2.6 eV to 2.72 eV and gradually decreased to 2.53 eV for I2 concentration of 
5 at%. The optical band gap obtained here is parallel to the resistivity value where 3 at% of doping showed the highest 
resistivity with higher band gap. The broadening effect can be understood based on the Burstein effect, which implies an 
increase in the Fermi level in the conduction band of semiconductors leading to widening of the optical band-gap [16]. The 
increasing Fermi level in the conduction band is due to increased carriers in the films.  
The values obtained in this research work of  below  3.1 eV were also obtained by other authors [17]. However, the 
reported band gap of CuI by Sekkal et al. is 3.1eV [18]. The lower band gap compared to 3.1 eV helps in better utilization of 
the blue region of the solar spectrum which means at longer wavelength of visible spectrum.  
 
TABLE 1. BANDGAP ENERGY OF CUI FILM AT DIFFERENT I2 DOPING CONCENTRATION 
 
Atomic percent ( at% ) Band gap (ev) 
Undoped 2.60
1 at% 2.64 
2 at% 2.66 
3 at% 2.73
4 at% 2.59 
5 at% 2.53 
4. Conclusion 
I2 doped CuI thin films have been successfully deposited by mister atomizer under constant deposition flow rate. The 
thickness was found to be decreased as the doping concentration increased with undoped CuI thin film having the highest 
thickness of 553 nm. The good quality of the deposited thin film had been shown by its morphology, electrical and optical 
properties. From the FESEM images, uniform thin films were obtained by using mister atomizer with nanoparticle size of 
CuI. However, at 3 at% of doping, small crack formation was seen on the films. This is proved by resistivity value where 3 
at% of concentration show the highest resistivity of 1.03 x 103  cm.  The high resistivity value obtained is due to the 
surface trap states induced by excess of iodine. The transmittance spectra of undoped and doped CuI films show high 
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transmittance of above 70% in the visible range. The optical band gap increases with doping concentration from 2.60 eV to 
2.73 eV for the doping concentration increase from undoped films to 3 at% doping concentration. The optimization of 
doping concentration for thin film properties is owing to the suitable resistivity, transmittance and optical band gap 
dependence on the required application. 
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